With the rapid advances in the treatment of acute attacks of migraine in the last few years and a number of new treatments, has come the practical clinical problem of comparing emerging acute attack therapies alone and with regard to current treatments. Acute migraine therapies can usefully be regarded as non-specific and specific, from the perspective of migraine, since some medicines, such as aspirin or paracetamol, are used to treat pain more broadly. In this review I will compare both non-specific and specific compounds. To some extent the introduction into trial then clinical use of sumatriptan, the first of the 5HT 1B/1D agonists or triptans, brought new standards in both clinical trial design, and execution and clinical outcome. Thus sumatriptan has become the de facto gold standard and will be thus employed here. To be practical the discussion of the new triptans will be limited to those available widely, naratriptan, rizatriptan and zolmitriptan. There are two broad issues when comparing treatments: what end-point should be considered and then, how can different compounds be compared with respect to that end-point. In terms of end-points those used here relate to pain relief because they have been collected robustly in the clinical studies and, fortunately, rapid pain relief is what patients questioned in population-based studies rate highest in an acute attack medicine. Headache pain has been rated on a scale of nil, mild, moderate and severe and success rated as either a response, nil or mild pain, or headache free, nil pain, at two or four hours. The ideal comparison of the triptans would be a randomized controlled clinical trial directly comparing the medicines in each case. Given that these are not available for all the compounds and the well characterised placebo response in acute migraine studies, summary measures have been developed to express the differences between compounds to try and adjust for the varying placebo effect. The two most widely used are the therapeutic gain, response on active medication minus response on placebo, and the number-needed-to-treat (NNT). The NNT is the reciprocal of the therapeutic gain as a proportion. The strengths and weaknesses of this approach will be discussed, including the importance of the calculation of confidence intervals. It can be concluded that our current instruments are rather blunt and patient preference needs much greater study.
with non-specific treatments. There will then be a consideration of some summary measures, the therapeutic gain and number needed to treat (NNT) which have been used recently to illustrate differences between compounds.
WHICH ENDPOINT TO USE?
The issue of which endpoints to use is vexed. Some options are listed in Table 1 . This is not exhaustive but illustrates the problem. In essence there is a competition between the need for scientific rigour, particularly in establishing efficacy in a new class of medicines, the core problem that faced the sumatriptan development team, and providing clinically useful information, which is a more pressing need as the triptan class is more clearly established. To some extent this conflict remains one of the great challenges for the next millennium.
The International Headache Society Clinical Trials Committee is currently recommending that the primary efficacy outcome should be headache free at two hours (Tfelt-Hansen, personal communication). Although more rigid definitions have been recommended by the Committee for several years, 2 the most commonly used definition for the primary endpoint has been the headache response or headache relief endpoint in which the patient treats an attack in the study only if they have a moderate or severe headache that is not improving. They are considered a responder if at 2 or 4 hours they have nil or mild headache. The sumatriptan clinical trial programme used this endpoint 3 and this has driven competitors to use similar outcome measures to compete with the perceived gold standard. Several issues arise, including the appropriate time (1, 2 or 4 hours), the comparative value of the headache free endpoint and the reporting of the outcomes from the trials, including the need for either confidence intervals or the information with which to calculate them. 4 
WHAT FIXED TIME POINTS SHOULD BE REPORTED?

Single fixed-time endpoints
An issue independent to some extent from the endpoint used is when to make the measurement. There is an interaction between the need for the convenience and co-operation of subjects in a clinical trial, along with the need to obtain all relevant information. In terms of time one might argue that, all other things being equal, the most useful endpoint is as soon as possible. Studies using stop-watch timing could be used ideally, but there are real issues of patient compliance as greater demands are made on the participants. This author takes the view that for most patients with a moderately severe, and certainly for almost all patients with severe and disabling migraine, that responses after two hours are generally unacceptable in high end therapies. The natural history of a migraine attack is to terminate. Indeed how attacks terminate is one of the most interesting aspects of migraine pathophysiology in terms of understanding how to design better medicines. 5 A recent study in which, by accident, all patients received placebo, illustrates this concept very beautifully (Figure 1 ). It can be seen that treatment with placebo results in a robust headache response of 37% at two hours rising to 48% at four hours. 6 The placebo effect is less of an issue with the headache free endpoint and so the combination of earlier time points using headache free are likely to provide more robust outcomes with smaller numbers of patients. Considering these natural history data along with population-based studies that show patients place high value on rapid resolution of symptoms, 7 it is very difficult to defend studies with endpoints beyond two hours and hard to understand why they would be reported for triptans.
Survival study methods -time to analysis
In addition to considering which fixed time point is most appropriate, some recent comparative studies have been analysed using survival methodologies. These methods were used in the sumatriptan 100mg versus oral Cafergot study 8 but not again until the rizatriptan development programme. 9 Literally the analysis looks at how long headache survives from the time of initial treatment. These methods are widely used in other disciplines, such as oncology and multiple sclerosis. 10 The analysis applied in the rizatriptan studies 11 is a variation on the Cox Model methodology developed for discrete discontinuous data. 12 In effect the hazard ratio that is obtained gives the chance that one compound will reach the endpoint in question, here headache relief, sooner than another. The major advantage is that early time points of relief, which are valued highly by patients, are included in the analysis. Fixed time point methods discarding early time points are not clinically sensible, and may blur differences between treatments. The early time points allow a more robust comparison of the population treated, with the potential to detect modest differences. However, the method does not measure rates of response in terms of time so cannot lead to conclusions about speed of onset. This would be best done using stop-watch type studies.
There are also some important assumptions. The first is that when there is a response, there is not worsening during the subsequent measurement period since the patient is counted as a responder and data for worsening would not be included. Secondly, there is the assumption that the hazard ratios at each recorded time-point do not deviate significantly from the overall hazard ratio, proportionality of hazards. A substantial deviation from this assumption reduces the power of the analysis and the assumption should be examined by a time-by-treatment interaction test. Finally, this method assumes that there is a continuous process which allows headache relief to occur at any time in the two hour period after dosing. Methods are described that can deal with discrete time-points so that the patient can record their outcome at specified times.
An example of the time to headache relief analysis would be the comparison between sumatriptan 100mg and rizatriptan 10mg. 11 The outcome was a hazard ratio of 1.21 (95% CI 1.02-1.44) demonstrating that over the two hour time period, rizatriptan was more likely to produce headache relief in the next small period than sumatriptan by about 21%.
HEADACHE RESPONSE VERSUS HEADACHE FREE?
From the first suggestion that the major endpoint for migraine studies should not be complete pain relief there has been controversy. Certainly the International Headache Society Clinical Trials Committee incorporated headache free in their initial recommendations, 2 and recently decided to recommend headache free at two hours as the primary endpoint in clinical trials (Tfelt-Hansen, personal communication). Headache free has a number of advantages, it is unambiguous and therefore does not require explanation, in contrast to headache response or headache relief. Headache free allows treatment of mild headache. In clinical practice patients will not necessarily wish to wait until they have moderate or severe headache to treat. The headache response construct demands this as the trigger to treatment, which is artificial. Moreover, headache free seems more sensitive to difference. As an example the dose-response data for headache free and headache response for the zolmitriptan development programme pick out the dose differences more clearly when the headache free endpoint is employed. 13 The disadvantages of the headache free endpoint include the view that for patients with slowly settling headache, the transition to no pain is difficult to discern and for some patients the reduction in headache pain to mild is a substantial and very beneficial result. Both observations seem reasonable in some patients. Cynically, it could be said that the headache free endpoint generates smaller percentage responses and this is less attractive to industry in terms of marketing. If headache free can dissect the dose-response relationship, perhaps it would serve earlier phase studies better, and more creative patient-focused endpoints might serve phase III studies better in terms of determining meaningful differences between new and established treatments.
HOW TO REPORT STUDIES?
In the last decade, the results of most acute studies in migraine have been reported as point estimates, the proportion of patients reaching, for example, the headache response endpoint at two hours. An example of these data might be to report a 58% response at two hours as the outcome from treatment with sumatriptan 100mg. However, point estimates such as this provide no indication of the accuracy of the outcome. As an example, Tfelt-Hansen 4 provides a meta-analysis of sumatriptan clinical trials and includes 95% confidence interval calculations. The relevant calculations are shown in Table 2 . It is essential that the results of studies are supplied with confidence intervals or the patient numbers with which to calculate them, since estimation of the 95% confidence interval of a proportion is relatively easy.
Confidence interval of the proportion p
14
As an example, a patient takes a medication at time 0 in a double-blind placebo controlled study where they may be randomised to placebo or active treatment arms. Two hours after taking the medication they either have a response or do not. The population probability that they will have a response is π. In a particular study of n patients, r patients respond and therefore the proportion of responders p=r/n.
An approximation to the 95% confidence interval is:
This is useful if n is large and may be used particularly if np>10 and n(1-p)>10. The exact limits may be obtained from use of the F distribution and the link between the F and binomial distributions. For the interested reader the exact limits are:
PARTICULAR ENDPOINTS OF CLINICAL INTEREST?
Prescribers, payers and patients alike may have other endpoints that are of interest in a clinical trial. Most studies in acute migraine record information on the associated symptoms, such as nausea, photophobia and phonophobia and give an indication of return to normal function (Table 3) . Associated symptoms almost without variation track the pain outcome and seldom add much to the pain analysis in terms of separating compounds. A possible exception are the data for early relief of
nausea with rizatriptan 11 which may be related to its relatively poor activity at the 5HT 1A receptor 15 which in turn has some role in nausea generation. 16, 17 Two issues arguably of some importance are consistency of response and side effect potential. Other issues which could be considered are the concept of meaningful relief 18 and the use of individual patient preference studies to compare triptans.
Consistency studies
Consistency in acute migraine studies may be derived from two sources, placebo-controlled blinded studies or open label use. While open label use mimics clinical practice and it is reassuring to know that a medicine that works will continue to work, [19] [20] [21] this is somewhat self-fulfilling in these studies. Patients in these studies have had success in controlled studies and then keep taking medication for 6-12 months. Logically most patients who stay in open label studies will have good responses or they would drop out. It would be of interest to see more reporting of drop-out rates in these studies. To be able to compare consistency, either head-to-head comparisons or relative comparisons from placebo-controlled trials are needed. There have been two well controlled consistency studies published. The first for sumatriptan 25mg, 50mg and 100mg against placebo, showing that 61% of patients responded in 2/3 attacks for sumatriptan 50mg. 22 Another was completed in the rizatriptan development programme, done as a three-way placebo controlled cross-over study and demonstrating that 86% of patients responded in 2/3 attacks. 23 Consistency is important to patients 7 and should form part of the overall assessment of any new compound.
Adverse event reporting
For some patients pain control comes at a considerable price in terms of side effects, and such patients place a great premium on a well tolerated medication. Unfortunately adverse event rates from one study to another are not always comparable given that different developers have used variations in the manner of collection and coding of adverse events. One can use all causality adverse event reporting as a crude measure of tolerability bearing this caveat in mind, but not as a measure of safety. By using them in this way the relative aggravation of any adverse event is not measured, but this is offset somewhat by the large sample sizes running into thousands of patients for each of the triptan development programmes. It is a useful first approximation which does not seek to minimise side effect variability or clinical significance. Adverse event rates can be used to perform dose selection, trying to optimise efficacy against the side effect price, although again it is important to have some indication of adverse event severity to make sensible decisions.
As an example, the selection of the 2.5mg dose 24, 25 of zolmitriptan after initial strong development of the 5mg dose 26 is a case in point. The data demonstrate that the 2.5mg dose, while on the shoulder of the efficacy-response relationship, lags behind the 5mg dose in terms of adverse events and thus represents a good balance for many patients. The naratriptan development programme developed this concept further by weighting dose selection for tolerability more strongly than for efficacy. 27 The outcome is, in general terms, the best tolerated of the currently available triptans. 
Safety
All the triptans currently used, sumatriptan, naratriptan, rizatriptan and zolmitriptan, and those in late development, eletriptan, almotriptan and frovatriptan, are 5HT 1B agonists 15 and thus constrict human coronary vessels to some degree. 28 All seem relatively safe but none are safer than each other. Some are better tolerated, and this applies most clearly to naratriptan, but this must not be confused with cardiovascular safety which is identical across the class.
THERAPEUTIC GAIN AND NUMBER NEEDED TO TREAT (NNT)
There has been some interest in recent times in summary measures that try to express the overall utility of a medication and perhaps more so for new medications where cost-benefit considerations are becoming more important. In terms of comparing new medicines a randomized controlled clinical trial remains the gold standard for comparing drugs. However, these do not exist for all the currently used acute migraine treatments and so some summary measures provide first approximations of the general response of a compound. 13 Approximations generally need to be used with caution and these measures are certainly covered by that warning.
Therapeutic gain
This is the simple calculation of subtracting the placebo response from a randomized trial away from the active response to try to estimate how much of the effect seen is due to the compound. For any comparison of therapeutic gains there is an assumption that the effects of placebo are additive, and this is not at all clear. There is a also a ceiling effect that works against the calculation to minimize differences in that one almost never sees a 100% headache response rate and indeed not much more than 80% for oral triptan studies, but the placebo responses vary between 15% and 45%, thus telescoping to some extent the outcome of therapeutic gain calculations. This is less of an issue if one does a meta-analysis across large numbers of patients since the placebo responses are reasonably consistent. Across the naratriptan, rizatriptan and zolmitriptan development programmes for the headache response endpoint at two hours, for which there is the most data, the therapeutic gain outcomes were 21% (17-25%), 34% (30-38%) and 34% (27-41%), respectively. This compares with 33% (30-36%) for the published meta-analysis of the sumatriptan studies. 4 It should be remarked that confidence intervals for the differences between a proportion can be calculated and a typical calculation is listed in Table 3 . Given a response to placebo (p) and active treatment (a), the therapeutic gain is p-a, and the confidence interval for that difference would be: 14 A comparison of the two hour headache response rates for sumatriptan, naratriptan 2.5mg, rizatriptan 10mg and zolmitriptan 2.5mg is shown in Figure 2 and illustrates the potential benefit of the therapeutic gain calculation in terms of correcting for placebo effects. It remains true in clinical practice that the triptans are different and thus Figure 2 illustrates the crude nature of these types of comparisons which fail to reveal differences that will be reported in clinic.
Number needed to treat (NNT)
The NNT is the reciprocal of the difference between the response on active medication and that on placebo taken as a proportion. It is no more than the inverse of the therapeutic gain when expressed as a proportion. The calculation for sumatriptan is illustrated in Table 2 . Similarly, adverse event rates can be summarized by subtracting the placebo to derive a number needed to harm (NNH). This is an unfortunate term since most adverse events in acute migraine trials are mild and transient, and certainly do no harm. However, this is the use of the term and is not a big issue if it is adequately explained. All the problems that were outlined above apply to NNT calculations, especially the limitations. A particular danger with NNT calculations is to see them expressed without confidence intervals as though the one number summarized what is known about the compound. The folly of this is illustrated in Figure 3 . NNTs are point estimates and as such they have error. Moreover, the error can be large and important when it overlaps for two compounds and suggests there may actually be no difference between them. NNT calculations have been used as crude measures of cost per effective treatment by multiplying by the dose cost, but again without confidence intervals this calculation is almost completely meaningless and indeed may be deceptive.
CONCLUSIONS
The study of migraine in clinical trials has come a long way in the last decade with the standardization of patient groups and some very considerable similarities in entry and endpoint measurements across development programmes for new medicines. Unfortunately, the endpoints we use are somewhat crude. Migraine is much more than headache so that by measuring headache relief as an endpoint there is much about the new treatments that is not captured. The challenge for the next millennium is to understand the benefits, and --------p (1 -p) a(1 -a) 95%Confidence (p-a)=(p-a)±1.96√------+ -------n m disadvantages, of the current treatments from the patients' perspective so that we can tease out important differences between these compounds, design better studies and ultimately make evidence-based decisions when selecting treatments for acute migraine.
